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Abstract: A new probability evolution method is proposed to quantify time-variant system with mixed uncertainty
based on probability box. The cumulative distribution function (CDF) evolution is obtained from time-variant system
response. The double-loop sampling method is used to separate for the epistemic uncertainties from the sampling of
the aleatory uncertainties. The outer loop is for sampling of the epistemic uncertainties by Monte Carlo, and the inner
loop is for sampling the aleatory uncertainties by a point-collocation non-intrusive polynomial chaos method. A time-
variant probability box for system response can be obtained by the CDF boundary calculating at different time. The
proposed method is verified through a delay performance degradation circuit. The studies demonstrate that the time-
variant probability box not only quantifies the mixed uncertainty at each time, but also reflects the system response and
uncertainty changing with time.



































































考虑一个模型Y = M(β)， 其中β =




















展开（Non-intrusive Polynomial Chaos Expansion，
NIPCE）的系数，则式(2)可转化为一个线性方程
组：
ϕ1(β1) ϕ2(β1) . . . ϕp(β1)



































i=1[(Yi − µY )2]
(6)






示（其中，F (x) = P (X < x), x ∈ R），定义其上界
和下界为[23]：
F (x) = 1− P (X > x), x ∈ R
F (x) = P (X < x), x ∈ R (7)











































































































元器件参数 灵敏度值 退化率 关键退化值
R31阻值 0.967 4u 3.6u
C30电容 1 2u 2u
R33阻值 0.0329 4u 0.1316u
FDS4435阻值 0.00616 2u 0.01232u







元器件参数 下限 上限 参数变化范围 分布
R31阻值 1.96e4 2.04e4 [1.96e4, 2.04e4] 区间
随机不确定性参数
元器件参数 均值 容差 参数变化范围 分布
C30电容 2.20e-5 0.01 (2.2e-5 ± 2.20e-7) 正态

































































图 5 延时电路的时变概率盒（在0 h、20k h、40k h、60k
h、80k h、100k h时刻）
图 6 延时电路的时变概率盒在YOZ平面的投影（在0 h、
20k h、40k h、60k h、80k h、100k h时刻）
3 结语
本文提出时变概率盒的方法来量化时变系统的
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